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A. EXAMINATION OF SELF-SUSTAINED OPTICAL PULSES
There has been considerable discussion about distortionless (steady-state) optical
pulse propagation. -3 A related topic of interest is laser self-pulsing, in which a pulse
shuttles back and forth in a laser cavity, thereby causing an output train of pulses. Self-
pulsing refers to the fact that no mode-locking device is used to force this pulsing behav-
ior. The purpose of this report is to prove that steady-state self-pulsing is not possible
in the rate-equation approximation with a lumped active medium. (The active medium
is assumed to be much shorter than the pulses.)
We place the medium in a traveling-wave cavity, which insures that the medium will
encounter only traveling-wave intensities.
Steady-state pulsing can occur only if there is some pulse shape that will undergo
only amplification and delay in a single pass through the material. Loss is introduced
through mirror transmissivity, the loss at the mirror being the same as the gain in the
medium. Thus the medium experiences the same pulse shape and amplitude over many
pulse round trips in the cavity.
Using the rate-equation approximation, we have
n -ndn -aln + n (1)
dt T 1
where
n = population inversion
n = equilibrium inversion
o
1
- relaxation rate of n toward its equilibrium value
T 1
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I = intensity of the pulse
a = cross section for stimulated emission.
We permit the pulse to be amplified and either delayed or advanced. After passage
through the slab, I changes by AI.
dlAI = XI + dI= PIn, (2)
where, by conservation of energy,
p = hva
where v is the frequency of the pulse.
Solving Eq. 2 for n and substituting the expression in Eq. 1 gives an equation in I
alone.
dt2 I\d
dt
1
+I (pno-X)I -
1
aXkI - LaI + T
1i
This equation can be normalized by setting
R1oT 1
S =-
and defining
A = aI
t
T
T1
Then (3) becomes
d2A _ )
- +d2 A
dT
RA - (I+A) dA
This equation is analogous to a potential-well problem in which A is the position
of a particle, T is time, and the quantities on the right side of (4) are potential and
QPR No. 97
dI
dt'
(VII. ELECTRODYNAMICS OF MEDIA)
positive or negative frictionlike terms.
The test of whether steady-state pulsing can occur then reduces to determining
whether the particle can descend from an initial position A, and return to it with no loss
(dA2
or gain in energy, analogous to -dt
A A
min max
dt d 2A + dt 2d = 0
T dt d dt
A A
max min
or
A A
min max
dA + dA 0
A dt / A dt /A
max min
or
A A
max max
dA = dA - (5)
A min dtreversed time A mi
min min
I shall show that, over every interval dA, the integrand on the right is strictly less
than the integrand on the left, and hence pulsing is impossible.
Let A refer to the position in the right integrand in Eq. 5, and Ae refer to the time-r
reversed position on the left side.
Equation 4 for these variables becomes
d A (Ar) rdA
+ RA - (I+A ) SA +(6a)
2 A r r r dT
2 2d Ae (A p) dA
dT 2 - + RAp - (l+A ) SA , (6b)
where T refers to reversed time.
Starting from a minimum, at which Ar& = 0, Ar = Ap = Amin , we see that
d2 Ar/d T2 < d2 A /dT 2 after the first short interval of time, because of the dif-
ference in sign in the last terms of (6a) and (6b). We now compare the change in
Ar and Ap over each interval of A to prove that Ar remains less than Ae.
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AA = At,
AAbut At = -,
A
r
where AA is the length of the interval. Using (6a) and (6b) yields
AAA A RA SA
AAr _r = AA -+ +-r - (1±+A (r
r 0 AA r L r r
=~ Ar X (1 +A) S
0 RA
AA =AA 
- (1+A)
IA f
+1) (7a)
(7b)
SAk
A
where A < Ar, A A + AA.
If Ar were to approach Ak in size over successive intervals, then all but the last
terms in (7a) and (7b) would be equal. But the last term in (7b) will be strictly greater
than that in (7a), and so A will remain greater than Ar'
It can be seen in (6a) and (6b) that if Al > Ar over every interval A < A < A + dA,
r2 rA < Ae < A + dA, then d2Ap/dT2 > d2Ar/dT2 over every such interval, and thus the inte-
grand on the left side of (5) is greater than that on the right. Therefore energy is
strictly lost on each oscillation, and hence steady-state pulsing is impossible.
Note that this treatment also rules out the possibility of local minima, followed by
increase to the maximum (see Fig. VII-1).
A
max
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Fig. VII-1. Occurrence of relative maximum.
By treating A1 as a new minimum, the proof above shows that A cannot increase to
A after T with as much energy as it had in its first encounter with AO O
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